Fig. 1. Overall structure of MutM. The MutM molecule consists of an N-terminal domain (blue), a C-terminal domain (red, orange and green) and two long loops (yellow). The N-terminal domain consists of a twolayered β β -sandwich with two alpha helices. The C-terminal domain consists of four α-helix bundles (red and orange) and a β-hairpin loop of the zinc finger motif (green).
In aerobic organisms, cellular DNA is easily damaged by activated oxygen species resulting from aerobic energy metabolism or oxidative stress.
H i g h l y r e a c t i v e o x y g e n a c c e l e r a t e s t h e spontaneous mutation rate and therefore has been bacteria. These enzymes (Mr= 30 kDa) possess the invariant N-terminal sequence Pro-Glu-Leu-ProGlu-Val-, two strictly conserved lysine residues (Lys52 and Lys147), and a zinc finger motif (-Cys-X2-Cys-X16-Cys-X2-Cys-) at the C-terminus. We determined the structure of the MutM enzyme derived from an extremely thermophilic bacterium, Thermus thermophilus HB8 at 1.9 Å resolution using MAD phasing of the intrinsic Zn 2+ ion of the zinc finger at beamline BL45XU [1] [2] [3] [4] . i n d i c a t e t h e e x i s t e n c e o f s i g n i f i c a n t h i n g e movement, whereas the individual domains of the t w o m o l e c u l e s i n t h e a s y m m e t r i c u n i t a r e s u b s t a n t i a l l y s i m i l a r ( F i g . 2 B ) . A l a r g e , electrostatically positive cleft lined by highly conserved residues exists between the domains. 
Fig. 3. Architecture of the active site of MutM. (A) The nucleophile Pro1 of MutM is surrounded by the invariant charged residues Glu2, Glu5 and Lys52, accompanied by several bound water molecules. (B) Model of docking of the flipped-out GO nucleotide to MutM active site bases on the dsDNA complex. (C) The putative reaction intermediate adduct with Pro1 after β -elimination, which is well defined due to its conjugated double bond and can fit to the active site; the hydroxyl group at C4' of the opened deoxyribose reaches to the carboxylic acid of Glu2, which is a good candidate for proton acceptor.
Based on previous biochemical experiments and the three-dimensional structure, we constructed a structural model of the dsDNA-MutM complex ( Figs. 2A and 3 ) and propose a new reaction mechanism for MutM (Fig. 4) . The locations of the putative catalytic residues and the two DNA-binding (Fig. 3B) 
Fig. 4. Schematic representation of the r e a c t i o n m e c h a n i s m o f M u t M Nglycosylase/AP-lyase. We propose that the invariant amino acid residues (Glu2, Glu5, and Lys52) are in the vicinity of the primary catalytic residue Pro1. In this h i g h l y e l e c t r o s t a t i c a l l y p o s i t i v e environment, Lys52 may act as a proton donor for depuration of the damaged base

